2 Planning-support systems for land-use planning Since the development of planning models in the late 1950s there has been skepticism, cynicism, and antagonism directed towards spatial planning models, as typified by Lee's (1973) critique``Requiem for large-scale models''. Such criticisms are to be expected, as it is impossible to predict future changes in land use precisely. However, it is still worthwhile to apply spatial planning models so that we can see the potential consequences of our actions on the built and natural environment as we work towards the common goal of a sustainable global future.
PSSs have been described as geoinformation tools used to assist in public and private planning processes (or parts thereof) across a range of spatial scales and within a specific planning context (Geertman and Stillwell, 2004) . The term`planning-support systems' (PSS) was first referred to in the literature by Harris (1989) to describe systems that combined a range of computer-based models and methods. In the 1990s pioneering work was undertaken by Shiffer (1992; 1995a; 1995b) and Jankowski (1995; Jankowski and Richard, 1994) in the development and testing of collaborative PSSs. Since the early 21st century a growing number of books, reports, and journal articles have been published which document more recent developments and applications of PSSs (Brail and Klosterman, 2001; EPA, 2000; Geertman, 2002; Geertman and Stillwell, 2002; 2004) .
There are now reasons to think that PSSs may become more important in collaborative planning processes (Brail, 2004) . Over the last half century there have been many integrated land-use transport models developed and critiqued (Batty, 1994; Timmermans, 2003; Wegener, 2003) . These kinds of models are traditionally considered to be the most computationally intensive and data-intensive type of largescale urban model available to date. However, as noted by Timmermans (2003) , most integrated land-use transport models do not consider the role of spatial planning in urban development. Furthermore, as such models usually take hours, if not days or weeks, to run, they are not overly suited to`real time' collaborative planning processes.
Hence, there seems to be a role for a new breed of collaborative GIS (geographic information system)-based PSS, such as Index (Allen, 2001 ), CommunityViz (Kwartler and Bernard, 2001) , and What if ? (Klosterman, 1999) . Such PSS tools can assist the actors in urban and regional planning decisions, who include politicians, technicians, and citizens (Laurini, 2001) , in making more informed decisions. The advent of this new wave of quantitative spatial planning models referred to as PSSs has been championed through a series of meetings on`tools for community design and decision making' (TCDDM) organized through the US Department of Energy since the fall of 1998 (Synder, 2001) . To date five TCDDM meetings have been held in the United States, bringing together community practitioners and tool providers in an effort to bridge the gap between collaborative planning process and technology-tool development. In the remainder of this paper I focus on the application of one PSS showcased at the TCDDM meetings ö the What if ? PSS. This tool is reviewed in the context of the collaborative formulation of a sustainable-development scenario for Hervey Bay.
Towards sustainable urban growth in Hervey Bay
Like many coastal townships along the east coast of Australia, Hervey Bay is experiencing strong population growth. Consequently, Hervey Bay faces a major land-use planning issue in supporting the growth of the area while also protecting its natural amenity and ecological significance. The Shire of Hervey Bay is situated within the Wide Bay^Burnett region in the State of Queensland, and occupies an area of approximately 2340 km 2 (see figure 1 ). The City of Hervey Bay is Strategically located in the northeastern corner of the mainland part of Hervey Bay and services both the rural hinterland and North Fraser Island.
Urban settlement in Hervey Bay began in the 1870s. The area developed an economy based on agriculture (sugar cane) and coastal holidays. Growth in the shire was accelerated through increased investment in transportation infrastructure and continuing growth in the primary industries (sugar cane, pineapples, beef cattle, and fishing). The development of Hervey Bay as a rapidly growing retirement and tourist centre dates from the mid-1950s: in the 1960s Hervey Bay became known as the`caravan capital' of Australia. Hervey Bay's attractions as a tourist centre increased with the World Heritage listing of Fraser Island and the promotion of whale watching. The initial town planning scheme for Hervey Bay was gazetted in 1979, and in 1985 Hervey Bay was proclaimed a city. Today, Hervey Bay is still a strong attractor for tourists and retirees and, although it is one of the strongest population-growth areas in Australia, it retains high levels of unemployment because of a regional decline in manufacturing and other industries. The GIS-based PSS used to formulate the sustainable-development scenario for Hervey Bay takes into account the various problems and issues facing the shire in planning for future urban growth up until 2021. The use of the PSS to formulate landuse strategies based on sustainable development is in accordance with the Earth Summit Agenda 21 plan, which advocates the use of better modelling capabilities for the examination of all land uses in an integrated manner, to minimise conflicts, to make the most of efficient trade-offs, and to link social and economic development with environmental protection and enhancement (United Nations, 1992a) . Previous research (Pettit and Pullar, 2004) has elaborated a goals^achievement matrix (GAM) technique for establishing an`efficiency index' for comparing alternative planning scenarios with respect to land-use conflict.
4 Selection of a suitable planning-support system/tool In deciding on a suitable land-use model that would enable trade-offs between social, economic, and environmental factors to be considered in the formulation of a sustainabledevelopment scenario for Hervey Bay, three PSS tools were tested. Preliminary land-use scenarios for Hervey Bay were generated using Pettit and Pullar's (1999) MCE Planning ArcView extension (Pettit, 1999) and ESRI's (2000) ModelBuilder ArcView extension (Pettit et al, 2002) . The MCE Planning tool enabled the overlaying of a number of social, economic, and environmental opportunities and constraints to formulate a vector-based potential-cost surface. The ModelBuilder tool also enabled a number of spatial constraints and opportunity layers to be combined. However, this tool formulated a raster-based potential-cost surface. The limitation of both of these tools was that neither supported a dedicated land-use allocation procedure. In order to formulate two of the final three urban-growth scenarios for Hervey Bay, Avenue scripts were used to construct the`continued growth' and`maximising rates base' scenarios (Pettit and Pullar, 2004) . The third scenario,`sustainable development', was formulated with Klosterman's (1999) What if ? PSS. Out of the three PSS tools evaluated (MCE Planning, ModelBuilder, and What if ?), the What if ? PSS was selected as the most suitable because it was considered the most transparent, flexible, and user friendly, and had a dedicated allocation procedure for generating holistic, bottom-up, land-use planning scenarios. ArcView GIS was used to undertake the necessary geoprocessing and to prepare the various datasets for entering into the What if ? PSS. Once a suitable land-use scenario had been formulated by the use of the What if ? PSS, it was easily exported back into the GIS to allow further customisation and annotation.
5 The What if ? urban-growth model framework Urban models can be classified into two types: nondeterministic models, such as cellular automata (CA) based models (Batty et al, 1999; Clarke and Gaydos, 1998; Clarke et al, 1997; Engelen et al, 1995; ; and more`real-world process' models, such as Bell et al's (2000) `projections for urban planning' (PUP) model. These`real-world process' models are deterministic in nature and have their roots in the Lowry-style gravity models of the 1960s (Lowry, 1963; 1964) . The model underlying What if ? is à real-world process' model, which is driven by exogenous regional population forecasts. However, unlike the Lowry model, the What if ? urban-growth model does not incorporate spatial interaction. As a result, the locations of industrial, service, and residential uses are not directly related to the locations of other uses. Instead, the location of each use is dependent on the factors that are considered in the suitability analysis and the public policies that are incorporated in the allocation procedure (for example, land-use controls such as land-use plans and zoning ordinances). The justification for this simplicity is that the model has been designed to be as widely applicable as possible, that is, to require as little information as possible. For example, as trip information is not widely available (as is the case for Hervey Bay) the model does not require it. This illustrates the inevitable trade-off between modelling sophistication and applicability: that is, more sophisticated models require more information which make them less widely applicable. The What if ? urban-growth model errs on the side of simplicity, which is why it is more widely applicable in current planning practice. The price paid is that it is not as sophisticated as one might like it to be.
The urban-growth modelling framework as applied for Hervey Bay is shown in figure 2 (over). Aspatial data inputs to the model include: projected population growth; projected employment growth by industry sector; breakdown of dwelling types; and the projected total number of dwellings, and household size. The regional exogenous population forecasts are the main driver of the model for projected employment and residential household demand. The spatial data inputs to the urban-growth model include environmental and physical data layers, which are used to formulate suitability maps. Cadastral land parcels and associated land-use attributes are used to calculate growth requirements. The land-parcel data are also combined with the strategic plan and a defined growth pattern to formulate likely sustainable urban-growth scenarios for Hervey Bay 2021. The three submodels that constitute the PSS are listed below and are discussed in the ensuing subsections; however, for a complementary discussion of the underlying regional and local data analysis and equations, refer to Pettit and Pullar (2004) .
The three submodels that constitute the PSS are: (1) a land-suitability analysis model, which provides a spatial continuum of land least to most suitable for each particular land use; (2) a growth-analysis model, which calculates the future demand for land required for particular uses; and (3) a land-allocation model, which combines the projected land-use growth with the suitability maps, and also incorporates land-use control and a defined growth pattern to predict the pattern of land-use change and where land-use allocation occurs.
Land-suitability analysis
The land-suitability analysis was undertaken with a weighted linear combination (WLC), multiple-criteria analysis (MCA) model, which is based on the sieve mapping overlay technique advocated by McHarg (1969) and Hopkins (1977) . The MCA model is a simple mathematical procedure in which the rating of each suitability factor is multiplied by the overall weighting of importance assigned by the user; an additive operation is then performed, combining all suitability factors, to derive a final potential cost surfaceöalso known as a`suitability map'. By use of this simple MCA technique, the underlying mathematical model is easily understood by most planners, decisionmakers, and, ultimately, the community. The process of assigning factor weightings and ratings was undertaken in consultation with the Hervey Bay City Council (HBCC) Integrated Planning Unit. The consultation process involved working through a number of What if ? PSS-generated planning scenarios with the HBCC Integrated Planning Unit, and deriving a final set of weightings and ratings based upon expert knowledge and opinion.
The information fed into the suitability model for Hervey Bay was formulated from a number of socioeconomic, environmental, and physical datasetsöas shown in figure 2. The suitability scenarios were derived from the most accurate, precise, and current information available for Hervey Bay at the time, which was acquired from a number of government sources including: the Queensland Department of Local Government and Planning, the Queensland Department of Natural Resources, the Queensland Environmental Protection Agency, and the HBCC. The What if ? PSS provides a simple graphic user interface (GUI) that allows planners, decisionmakers, and, potentially, community groups and private citizens to enter ratings, weightings, and permissible land-use conversions easily, and then run a scenario, examine the results, go back and readjust the inputs, and run further scenarios. This iterative process had the advantage that multiple scenarios could be run and compared and then parameters could be adjusted in order to derive a final accepted set of input parameters. Deal and Varkki (2003) believe that developing such feedbacks can enhance current planning practice. The iterative learning process has its formal roots in adjustment heuristics (Tversky and Kahneman, 1974) . This is recognized as an integral component in the cognitive learning approach associated with scenario planning, more broadly recognized as`scenariology' öthe study of scenariosöas discussed by Xiang and Clarke (2003) .
In the Hervey Bay case study, an initial iteration of input parameters, as shown in table 1, was entered by the council planners to investigate the likely suitable areas for urban growth and conservation. Once the implications of these ratings, weightings, and permissible land-use conversions had been studied, a final suitability was created based figure 3 ) enabled the results from the suitability analysis to be viewed side by side. Such a map-centred approached to group decisionmaking is considered a powerful technique for assisting in the collaborative planning process (Jankowski et al, 2001) .
The final result of the suitability-analysis model was a number of suitability maps which represented areas from least suitable to most suitable, and also areas not suitable for development and nondevelopable areas. In the What if? PSS, one-to-many relationships can be defined between land uses and suitability maps. For example, this means that light industry and general industry can both be linked to one broad industrial-suitability map. The linkages between developable land uses and their associated suitability map are shown in figure 4 . In formulating the sustainable-development scenario for Hervey Bay, four land-suitability maps were formulatedöfor residential, commercial, industrial, and conservation-based land uses. Figure 3 illustrates the resultant land-suitability maps (iteration 1, and 2) derived for future residential land, based upon the input parameters specified by the HBCC planners. The results of the suitability map indicate that North Fraser Island is considered not developable for any further residential development. The Hervey Bay mainland comprises areas of medium, medium^low, and low suitability and land that is not developable, not convertible, and not suitable for future residential development.
Projecting land-use demands
The next component of the PSS is the growth model, which is used to predict future land-use requirements based upon the projected population-growth and employmentgrowth figures, shown in table 3. Population projections are used to establish how much additional residential land is required within the Shire of Hervey up until 2021, whereas the projected employment-growth figures are used to establish how much land is needed for commercial, light industry, general industry, and social infrastructure purposes.
The projected population growth constitutes the core data input used in formulating the amount of land required for future residential purposes. The projected population growth is used to calculate the projected number of households and, subsequently, the projected number of household dwelling units required to accommodate the expected population growth. Other data inputs include the number of dwellings per hectare, and the percentage of total land currently used for each of the four types of residential development in Hervey Bay. Further consultation with the HBCC Integrated Planning Unit resulted in some modifications of the future projected breakdown of residentialtype percentages. These changes reflect a policy towards a more compact urban form, where the level of medium-density housing is increased, while the level of low-density residential development is decreased, as shown in table 4.
The projected number of dwelling units is multiplied by the density of units (per hectare) and the calculated percentage of future land as prescribed by the HBCC Integrated Planning Unit to calculate the future demand for residential development for Hervey Bay up until 2021, as shown in table 5. It is noted that there is no additional land demand for road or rail services, as the growth model does not calculate a Table 3 . Population-growth and employment-growth projections, 2001^21 (reproduced from Pettit and Pullar, 2004 demand for transportation infrastructure. Rather, the user can specify transportation requirements in the allocation model in the form of an infrastructure-control plan. Projected employment growth drives the expected land requirement for future regional commercial activities for the sustainable-development scenario. The employment projections are simply multiplied by the projected future employees per hectare (which the HBCC Integrated Planning Unit envisages will be the same as the current density), to calculate how much additional land is required. The process for calculating the projected requirement for land for industrial activities is the same as that for calculating the demand for land for regional commercial activities.
In the PSS growth model, the land required for associated preservation and local land uses is based upon user-defined values. Therefore, after further consultation with the HBCC Integrated Planning Unit, it was determined that an additional 60 ha of open space was required in the shire and that the existing ratio of land used for local shopping purposes (0.7 ha per 1000 persons) would remain the same; these values were entered into the growth model in formulating the sustainable-development scenario. The complete list of land-use categories used in the formulation of the sustainabledevelopment scenario, including land-use types and the associated growth submodel, are shown in figure 5 (over). Land that is developable is linked to a growth subcomponent. Conservation, undefined, road, rail, and water uses were categorised as not developable within the model. The final land-use categories in the urban-growth model are rural and vacant land. These two land-use categories constitute the undeveloped and tracts, which were later used in the allocation module to accommodate projected future urban growth within the Shire of Hervey Bay, as determined by the user-defined permissible land conversion; see table 2.
The procedure for allocating land in the What if ? PSS is an incremental process that enables a degree of implicit trade-off to occur between competing land uses. The number of iterations spans three user-specified time periods, from 2001 to 2006, 2011, and 2021. The growth model calculates the additional land required for each time 5 show that medium-density residential development is expected to see the greatest growth ö 189%. Both rural residential and park residential developments are expected to increase by over 100% between 2001 and 2021. Commercial, local shopping, and low-density residential land uptake is expected to increase by between about 80% and 90%. Light industry, general industry, and social infrastructure land uses are projected to experience a growth rate of around 60% by 2021. The lowest land-use increase is expected to occur in open space, where a growth rate of only 4% is projected.
Allocating projected land-use demands
In the allocation of land for the sustainable-development strategy, the results obtained both from the suitability model and from the growth model were used as primary inputs, as shown in figure 2. Other inputs included: land-use allocation order, infrastructure-control plans (sewerage, water, and roads), a land-use control plan, minimum and maximum land-unit sizes, and a specified growth pattern (for example, concentric, radial, or hybrid). Each of these data inputs is specified by the user in the What if ? PSS allocation definition scenario interface.
Most of the allocation model input parameters were developed in accordance with planning requirements stipulated in the Hervey Bay Town Planning Scheme (HBCC, 1996) : specifically, the infrastructure-control plan matrix, land-use controls, and minimum permissible land-parcel size (UAZ), as shown in table 6. The remaining parameters were established in consultation with the HBCC Integrated Planning Unit, including the allocation order and preferred growth pattern. Previous real-world process models, such as the Lowry model (1963; 1964) , and more contemporary projection models such as Bell et al's (2000) PUP model, or CA models such as Clarke et al's (Clarke and Gaydos, 1998; Clarke et al, 1997) SLEUTH model, allocate land to zonal or cell units. The land-use allocation module in Klosterman's (1999) What if ? model takes disaggregation a step further by allocating future urban use at the land-parcel level (or sub-land-parcel level, if desired), rather than to a zonal or cell unit.
The land units used in the What if ? PSS are referred to as UAZs, which are GISgenerated polygons that are homogenous in all respects (Klosterman, 1999) . For example, all points within a UAZ have all the same land-use, slope, and agricultural-suitability values, and are located in the same planning zone. The minimum and maximum UAZ size inputs serve to regulate the range of land-parcel sizes permissible for each land use. In the preparation of the spatial data used in the PSS, the UAZs used in the formulation of the sustainable-development strategy exist at a sub-land-parcel level: there are approximately 30 400 land parcels in Hervey Bay, whereas there are approximately 42 900 UAZs. The fine mesh of cells comprising the Hervey Bay UAZs is a result of the GIS union process undertaken in overlaying each of the seven suitability factors with the land-parcel database. The minimum UAZ-size values were derived from the Hervey Bay Town Planning Scheme specifications (HBCC, 1996) , applying a 10% fuzzy tolerance. The maximum UAZ-size values were used to reduce the number of nonsubdivided land parcels selected in the allocation process. With respect to Hervey Bay, an arbitrary input value of 100 ha was set for most land uses; the exception being that the largest permissible UAZ size for local shopping was set to 1 ha. The advantage of running a sub-land-parcel level UAZ is that it may be possible to reclaim slithers of land for conservation or recreational purpose. For example; slithers of land surrounding rivers or streams may be suitable for reclamation to stop erosion, or the council may be able to free these up for public access.
The final parameter used to formulate the sustainable-development scenario was the growth pattern. Four growth patterns were initially formulated, using ArcView Avenue scripts: concentric, radial, hybrid, and a combined accessibility^growth pattern. The concentric growth pattern, based on Von Thu« nen's (1826) concentric model of conceptualised growth as interactions within an isolated state, assigned values to each UAZ on the basis of distance to the central business district (CBD). The radial growth pattern assigned values to each UAZ on the basis of distance to major roads. The hybrid growth pattern assigned values by using both central business district (CBD) and major roads, on the basis of an equal weighting of the two distance functions. The combined accessibility^growth pattern assigned values by using distance to CBD, distance to major roads, and distance to the harbour; each of these three attractors was assigned a weighting of importance, developed in consultation with the HBBC Integrated Planning Unit, who also selected the combined accessibility^growth pattern option to be used in formulating the sustainable-development scenario. The principal result from the allocation model is a land-use allocation scenario which delineates where future urban development is expected to occur. The allocation module calls upon the land-suitability maps, projected growth figures, and user-specified allocation parameters to generate likely urban-growth scenarios. The PSS enables numerous scenarios to be created and evaluated easily. Figure 5 provides an example of three possible urban-growth scenarios for Hervey Bay, formulated with the PSS. These three resultant land-use patterns for Hervey Bay are based upon different sets of userspecified input values. First, we have the allocation scenario generated with the suitability parameters stipulated by the HBCC planner in the first iteration of the suitability model (see table 1 ). Second, we have the results from running the final suitability parameters, as specified by the HBCC planners, in iteration 2 (see table 2). Third, we have a more exploratory allocation scenario based upon a more experiential, laissez faire, approach, using the suitability parameters specified in iteration 2, but relaxing the existing planning scheme and applying the What if ? build-out function, which proceeds to allocate additional land for future urban growth until the limits of all pending land-use constraints have been reached. 6 The sustainable urban-growth land-use strategy for Hervey Bay, 2021
The results of the final sustainable-development scenario for Hervey Bay are based on the input parameters specified by the land-use controls scenario illustrated in figure 6(b) . The results of the strategy are represented both numerically and visually. Numerically, the additional land-allocation requirements for each of the land uses constituting Hervey Bay are shown in table 7 (over). Two thirds of the total land spatially allocated to satisfy the demand for future urban development came from the existing rural land supply (2200 ha); the remaining third came from the existing undeveloped land supply (1142 ha). The sustainable-development scenario for Hervey Bay was exported back into ArcView GIS in order to prepare professional-quality map outputs. The principal result of the sustainable-development scenario was the land-use allocation map depicting where future urban growth is likely to occur in Hervey Bay up until 2021, as shown in figure 7 (over). This particular map output focuses only on the mainland of Hervey Bay, as no future urban growth was allocated to North Fraser Island. This is because Fraser Island is a World Heritage National Park, and the`National Park and State Forest' suitability factor has been assigned an excluded rating value by the HBCC Integrated Planning Unit for all future urban land uses (see tables 1, 2).
In Australia Hervey Bay is traditionally renowned for its sprawling urban landscape. The boundary of the City of Hervey Bay (as depicted in figure 7 ) has become an integral instrument in defining the shire's planning scheme. The phenomenon of urban sprawl has been defined by Besussi and Chin (2003) as rapid and uncoordinated growth at the urban fringe. In Hervey Bay this phenomenon can be seen to have been occurring in the suburbs of Craignish, Takura, Sunshine Acres, and Booral, whereas ribbon urban growth has continued to occur along the coastal townships of Toogoom and River Heads. PSS tools such as What if ? can assist in the control and monitoring of urban sprawl over time through the formulation of alternative future urban-growth scenarios; likely urban sprawl can then be visually assessed and quantifiably measured. This is seen as a potentially significant contribution which collaborative PSS tools can make in facilitating a map-centred dialogue between actors in the planning process in addressing critical issues, such as urban sprawl.
Evaluation of the What if ? PSS
The previous sections of this paper have focused primarily on the technical application of the What if ? PSS in a collaborative formulation of a sustainable-development scenario for Hervey Bay. In this section I endeavour to focus more on the experiential aspects of applying the PSS from the perspective of the urban modeler (myself) and the HBCC planners. First, I outline the perceived strengths and weaknesses of the PSS tool. Second, ex ante feedback on the collaborative experience in applying the PSS is discussed. Third, I suggest recommendations for how the What if ? PSS might be improved to provide more rigorous and communicative scenario results.
Strengths and weaknesses of What if ?
A review of a number of land-use change models by the US Environmental Protection Agency (EPA, 2000) provides a basic assessment of some of the strengths and weaknesses of a number of PSSs, including What if ? In this section I give a more detailed synopsis of the strengths and weaknesses of What if ? from the perspectives of the urban modeller (myself) and the council planners from Hervey Bay (see table 8, over).
There are a number of factors which make What if ? a potentially powerful collaborative scenario-planning tool. These include: its relative ease of use in varying many input parameters in all modules; high levels of information transparency brought about through its map-comparison functionality and ability to export numerical assumptions easily; and its ability to generate suitability, growth, and allocation scenarios quickly (in a matter of minutes). The reason why What if ? can produce scenarios in a timely manner is that it applies simple, proven, models which can be efficiently run with large datasets through noncomputationally-intensive models. Another strength of What if ? is its wide adaptability to different case studies, as is proven by its international applications to dateöincluding in the United States (Klosterman, 1999) and Australia (Pettit and Pullar, 2004) . However, like most quantitative spatial planning models, the What if ? PSS is quite data intensive, requiring: housing and employment forecasts; a range of suitability factors for defining constraints and opportunities; infrastructure controls, and landuse controls. Another of the weaknesses of the system concerns the underlying land-use allocation model. At best, it is a semidynamic model and deterministic in nature. This means causal effects and emergent behaviours are not considered. The model is typically static in nature, with modelling components connected by a series of linear equations, although the land-use allocation procedure can be considered semidynamic as land is allocated through an iterative incremental process with three user-defined time periods. Another major criticism is that the model does not accommodate spatial interaction, which means that individual or household behavioural characteristics are Table 8 . Perceived strengths and weaknesses of What if ? planning support system (PSS).
Comments a

Strengths
Rigorous
All assumptions must be thought out to the endÐno room for sloppy information or gaps in data (PP) Robust PSS has been constructed, linking a number of simple and widely applied urban models (UM) Relatively easy to use With the correct training and software, such a PSS would be an asset for maintaining and reviewing strategic plane (PP) It is quite easy to import the necessary data and get the model producing useful results. not explicitly contained within the model structure. Further work needs to be done to improve the design of the user interface to make it more intuitive to planning practitioners. For example, planners should be able to choose from a range of rating scales to reflect best the input data required on a case-by-case basis. Also, customisation of the input parameters is severely restricted; this is exemplified by the fact that at present only ten suitability factors can be entered into the MCA model. The constraint of allowing only ten suitability factors might be justifiable if the underling MCA model was an analytical hierarchy process (AHP), possibly any more than ten decision factors becomes too complex for planners to interpret within a decision matrix. However, the underlying MCA model is a WLC equation. Therefore, it is recommended that such data-setup limitations are addressed in later versions of What if ?.
Ex ante feedback from planning practitioners on the use of What if ?
In this section I endeavour to undertake an appraisal of the feedback received from the HBCC local planners. A survey form was administered to the planning practitioners, in order to gauge the impact of the PSS on the strategic planning process, and to examine how effective the PSS was as collaborative device. Unfortunately, the PSS process was not utilised to its full capabilities in the council's planning process which led to the preparation of the new Planning Scheme for Hervey Bay. The council planners did not consider this a shortcoming of the PSS, but related more to the logistics of the process. The plan-preparation process took nearly three years, including input from a wide range of sources. Once the plan went on display it was subject to further changes. During this timeframe, there were two elections (state and local government) and several amendments to the guidelines produced by the state government for the production of planning schemes in Queensland. This necessarily meant that the production of the new planning scheme was an immensely iterative process. Unfortunately, I was tied to a tighter timeframe for the production of the thesis, and was basically unable to remain a part of the iterations to the end. Also, the model could have been taken over by the council, but the Information Technology and Communication Department of the council had limited capabilities to support additional GIS-based software, and the planners were too busy or distracted to run the model to its perceived optimal capabilities. The greatest impact that the PSS had on the planning process was to inform the council planners of the logical ordering of layers of constraints and opportunities and the wealth of base data and assumptions which were produced to generate the model. Also the socioeconomic figures used to drive the PSS growth modelöspecifically, the derived employment projections öwere used in formulating the final Hervey Bay Town Planning Scheme update.
Nyerges and Jankowski (1997) define`collaboration' in the context of GISsupported decisionmaking as`a committed effort on the part of two or more people to devise a new understanding or solution for a geographical decision task'' (page 227). Feedback from the council planners stated that:`W hat if ? enables planner to easily test out possible alternatives by adjusting weightings of importance' and re-running numerous planning scenarios.'' This was undertaken in a collaborative environment where the urban modeller facilitated the use of the PSS by the council planners in the formulation of a number of suitability and allocation scenarios, as discussed in sections 5.1 and 5.3. This collaborative, map-centred, approach enabled the final sustainable-development scenario to be calibrated to some extent with the aid of the local and expert knowledge maintained by the HBCC Integrated Planning Unit. Additional feedback acquired from the council planners indicated that there was a definite potential advantage in the use of a GIS-based PSS such as What if ?. They believed that through the application of such a PSS tool, numerous scenarios could be easily generated, tested, and regenerated, and presented to council members and the community for feedback and ultimately to enhance the decisionmaking process.
7.3 Suggested improvements to the What if ? model Timmermans (2003) , in his comprehensive review of a number of integrated transport land-use models, has highlighted that these models are deficient in their consideration of the role of spatial planning in urban development, whereas Deal and Varkki (2003) suggest that engagement with the planning process is just as critical as the efforts in developing such models. It is suggested that this new wave of GIS-based PSS tools, such as Index, CommunityViz, and What if ? may provide a suite of collaborative tools that can effectively engage planners and improve current practice, just as computer-aided design (CAD) (Wollf, 1986 ) has now been widely accepted by architects as a useful design and visualisation tool. The experience of the urban modeller (the author) in applying What if ? in collaboration with the HBCC Integrated Planning Unit has led to the suggestion of a few improvements to the current version of What if ?.
The spatial-allocation procedure could be enhanced through the incorporation of rules of emergent behaviour. This could be achieved by developing a CA based landuse component to the What if ? allocation model. The incorporation of a CA model into the spatial-allocation procedure would enable the effect of adjacency and neighbourhood influence to be considered adequately. Since the 1990s, the use of CA has gained increasing support from a number of well-respected urban modellers and theorists (Batty et al, 1999; Clarke and Gaydos, 1998; Engelen et al, 1997) . However, as with any modelling technique, there are limitations. With respect to CA, these limitations include the requirement for substantial historical land-use data to calibrate the model properly. Also, the extent of the urban area studied can affect the accuracy of the results; this is because it is difficult to disaggregate the land-use measurement unit down to the land-parcel or sub-land-parcel level when using a CA model. These limitations have been observed when trying to adapt the SLEUTH model for Hervey Bay (Pullar and Pettit, 2003) . Another way of incorporating spatial interaction into the What if ? model could be to integrate a geographical multiagent simulation component to the allocation procedure. Recent advances in geospatial sciences and artificial intelligence have resulted in urban modellers beginning to explore the possibilities of geographical multiagent simulations (MAS) in formulating autonomous agent-based urban-growth models (Arentze and Timmermans, 2003; Benenson and Torrens, 2004; Ligtenberg et al, 2001; Semboloni et al, 2004) .
The remaining suggested enhancement for the What if ? PSS relates to improving its collaborative capability within the planning process. As previously mentioned, the rating scales available within What if ? are hardwired to a six-point scale: 1^5 for varying suitability, and 0 for excluded. Having a limited range of values and rating scales to choose from restricts the possible sensitivity analysis that can be undertaken with the PSS. For instance, with a six-point scale, a new scenario with adjusted suitability factor rating values of, say, 10% cannot be generated to examine the sensitivity of rating values assigned by planners, decisionmakers or citizens engaging with the PSS tool. Sensitivity analysis should be an important component of any spatial multicriteria problem (Malczewski, 1999) . Hence it is suggested that functionality which supports sensitivity analysis be implemented within the What if ? PSS.
The three-dimensional geographical visualisation of spatial scenario simulations is considered a powerful form of digital representation for engaging actors in the planning process (Cartwright et al, 2004; MacEachren and Kraak, 2001 ). The current version of What if? presents the results of planning scenarios either as a two-dimensional GIS map, or in numerical spreadsheet format. It is therefore suggested that three-dimensional visualisation capability be made available, either as a tightly coupled component or as an optical add-on to enhance the collaborative capability of the PSS. In addition, there are a number of efforts underway to make PSS tools more accessible and available to a wider geographic audience by building them on-line (Kingston et al, 2002; Pettit et al, 2002) . It is suggested that, to increase the collaborative potential of What if ?, an on-line version could provide actors in the planning process greater flexibility in engaging in the plan-making process.
Conclusions
This paper complements previous research (Pettit and Pullar, 2004) by providing a more detailed analysis of the most`efficient' of the three spatial planning scenarios formulated with the scenario-planning framework. The primary goal in formulating the sustainable-development scenario was to take into account a number of important environmental factors, including national parks and state forests, riparian vegetation, remnant vegetation, areas of indigenous significance, good quality agricultural land, flood-prone land, and wetland areas. These factors were assigned weightings of importance by council planners in order to construct suitability maps, which were combined with projected land-use demands to formulate a strategic planning option for Hervey Bay, based upon the principle of sustainable development.
The sustainable-development scenario was formulated by using the What if ? GISbased PSS, and was developed through an iterative process in which a number of simulations were run and subsequent modifications made. The results from preliminary sustainable-development scenarios for Hervey Bay, which included a number of output maps and reports generated`on the fly', were examined by the HBCC Integrated Planning Unit in order to derive the final user-defined input parameters and, subsequently, the final sustainable-development scenario for Hervey Bay 2021. The iterative scenario-development process is seen as one of the major strengths of using a PSS. Pedagogical insights attained through formulating and evaluating different scenarios increase our understanding of the possible outcomes. Through the use of PSS tools, future actions may be better understood and more efficient planning strategies prepared. Like others (Forster and Kytzia, 2004; Guhathakurta, 2002; Timmermans, 2003) , I believe that the future of running land-use forecasting models may lie in their use as learning tools, providing a platform for discussion or telling stories, with less emphasis on deriving quantifiably accurate predictions.
Future directions
The dominant paradigm is now shifting towards planning with the community rather than for the community in determining sustainable patterns of future urban growth (Forester, 1999; Healey, 1997) . This principal has also been taken on board in the quest for achieving sustainable urban growth. In particular, it is the efforts of the United Nations that lead the quest for global sustainability. Thus, it would seem that the use of PSSs to formulate sustainable-development urban-growth strategies is aligned both with the Rio declaration and with Agenda 21 (United Nations, 1992a; 1992b) . Specifically, chapter 8 of Agenda 21 is dedicated to the integration of environment and development in decisionmaking, and states:`T he overall objective is to improve or restructure the decision-making process so that consideration of socio-economic and environmental issues is fully integrated and a broader range of public participation assured'' (United Nations, 1992a, page 64).
In the light of the case study presented in this paper, and statements from the United Nations (1992a), it would seem pertinent to suggest that a collaborative spatial scenario framework could provide an improved, alternative, decisionmaking structure that accommodates a wider number of participants in the use of geographical information for formulating future visions of our landscape. PSSs are considered by Geertman (2002) as a bridge between participatory planning processes and geographical information systems. And Haklay (2003) reports on the importance of developing and improving public environmental information systems (which could, possibly, be considered a kind of PSS for achieving sustainable development). Furthermore, it is my suggestion that the collaborative GIS-based PSSs may offer a flexible bottom-up approach for better understanding of, translation of the dimensions, and planning for, a sustainable global future. Hence, future work is recommended to extend the use of PSS not just to reflect the expert knowledge and opinion of planners (as has been the case in formulating the sustainable-development scenario for Hervey Bay), but, rather, to reflect also future participatory community visions. This could be achieved through conducting scenario-building exercises with the aid of PSS tools in community workshops, forums, and publicly accessible on-line interactive environments.
